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A Study on the Determination of the Performance
Correction Factors of Solid Rocket Motors

H. G. Sung - J. R. Byun - Y. G. Kim'

ABSTRACT

The precise prediction of the performance is essential to develope the system at the
development of propulsion system since no experimental data are available. The accuracy of |
on the total system’s performance as well as itself, which depends on how the correction fac
Is. and so on, are determined in accurate. However some of the design factors are dete
engineer’s experience or the similar test data if they are available, so far. This study was n
the method of the determination of correction factors of both ls, and thrust in direct. The bas
is to define the detail performance loss mechanism of solid rocket motors, might be occurre
and to calculate in quantitative those correction factors from the performance loss mechanism
the test results, the model of this study can predict those factors less than 1% error, in additi
physical variances of each loss mechanism.
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1. M B Be 109 Z2AES FEst] A oA
5 MY z2ad Ads 532 FY F
27189 A e A5 FANH F o en, o] AsE A&HFHow HdEY
o A (total impulse)®] FE3FH A (over-design) L3 ed, FAMA WHA FEH o HFY
g FHagstd vigAe] FA 9 A7E HaA o o= 93 +05%, 718 A%(FE, 4", d
24 Qenz, vdAY AAFS A= 2AZY) & £3% oY oS HELE B3H
83 Aotk 53] AL 2o HA A= 2 A7z Qo ZxAd Adsl FIstn
o] vz &8 WHrt W0%elY 2T o ATk gy A2Y AW zrlde a2
Boll #4413k AlE dlolEl7}t fle #7189 A ofsle MA Wt wlg thdst] wiEe] 2
fol a7 e HgA MEA 27 GAY F3 o wyoew HIshe Hol FAHoH, EE
N#E Ae dFL U FLasith 7 AEE7E BAEooF Frt
B =FdM gdfe FA/NELS A8 48 FRA7H A 27 AT HedEs
A ¢ 14 FIAAE ARAA AAHE A wFE BAATE FY BAAFY dF
2 3¢t QartEE =EE o83ty 1% & FWEAY, 15U {FAS AFHAHRE AL
oz HiEAoEZA FAYEE Fojuie Al2H g3zt ARAYole BPer 1 FL A
olty. 1Al FRAZ AdhAddX HAirEHo =& Fed, B dFdAe fAdA dFE AT A
2 ¥ JeEdE itz #Ez/d Z 9y 3, T2 HHE ol &3 4% 457
o5ty Wate F/RY A% A5 A 13| W oAges FYsAT olE Hske FANL
old Zagt B3 dygeld, A EEetel A} A daHo] £ado] HFH Qlo] EF &F
S8 14 FAAE BHFI AhdAGl Az AgHy, 78 &45 38 goks o
Y 2igsty] W&ol o84 mdo] o) gt 2HA EFFNAM, AR vehde 2y &
& Eod/3ed W FsE d3dte S AL fsls B3 eSS O d¥HeR
o9 ol & dolth EF FAS 2AH 7 238l o)g wjEo N HA FHIAS
ata2 Aol wEl mEojokE ElFH dAY Z5e WHS AHEEAT B =RdMe 9
Eo] ttE7] Yol HEHoZE ALE 75T o £49 ggle] He E83 dAE die o
24 zdg Adss Ae L oEe dol 2dEg v BAMIgen, nFy BAYASF
ok aPox FA7#E A HFAE A s} 39 HAASFE ALt FA/HE] AA
s oA aTEE 712 dHolEeH, Aa AgelA Aol Aot Hlawste] 1 f
718 A% e FRxe HPgA WA 9 g G EH

o AgHos AL PO, FA|@
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o m M oX ox N
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A2 A% =Y AL AT = 2
dot. mAFAs@e A AFELS BAY
224 d4se Fdse 9398 ¢% BA
He 24 A2 2 H4F A2y’
olg % APARE TAs FIshe v 49
H gagdiez ux £ Aok ¥ Y 2R
1950t o] F #watA AFEHAew o5
AFE 2 BARY(ALEY, IF, 9
g 5)ol dig 6% AuE mesde] ofo]
Az gk AR AL, wHAME o 59

2. M5 24 Y
SAEA ] AyEAe drdel A5
A3 =z AEEAE PFEY S dor 4%

&0 g9ld wl Jd4FEE &4 (combustion
efficiency), 3}shit-g-
loss), ©]3#% &4l(two phase flow loss), &
At A(divergence loss), A% <=4 (boundary

layer loss), WAt=& <4(submergence loss),

& (finite rate kinetics
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2.1 ¥k £ (Finite Rate Kinetics Loss)

FRAAN ALFHTEA FA Y F8HE oA
7t &As] dolUA 2 wglyy] Ho| =& wo
2 wAUYgezN dAsE &48 88 uhg
&alolg} gt} ojo thgt 3}E W¥HE EE(7xn)
nde ogit g

e =1, sp,,,,k/ Iy, (1)

71, I, %= finite rate kinetics®] H]5=2 o]
i, I,, T Y4AS 719 EHolwo]l fite
7438t 38 HEH Al nFEE VEpdoh
9l HolA R e Tyson & Kliegel”e]
2do] ALgE A, Be X7 Aol A
SHh a2y B Afdie olgd A4¥F
TAE F oldlel Ze Tdd A& ALEIH
o FEAHoT 3Ehukg&4le o)Al HE
#zle] oF 1/30] Hog ety F8&L
sA) ofele} #o] EHAT

I

IS o L SPromn
nmv:l—%[———” T ]xc ©

A7, Iy I © A2 =X BIHAY
ef e} Blehuk-g-o] ¢lE frozen AElS] CECHAH
Azte] o3 olB2He wFHe Jehdny
SPPUSA) M= FERAFAG C& 44 o
g, P(psi)ell meh oh-g-3 o] Hejgirt

C=1 (P, < 200 psi)

C= 200/ P, (P.> 200 psi)

W o] SNIA-BPD(Italy)o] A=+ R AA S

CE ofefis} #o] Holsled ALgEt.

c=1 (P. < 300 psi)

C= 300/ P, (P, > 300 psi)
I3 Bayern-Chemie(Germany)oll A #|¢tst 3}
Whg B8 e thga Zrh

[Sﬂm _ Ismmm\
el B

It

%
-

—kD.P,
nxin=1—koe [

o 7| M, k=02, k=055 A}&3%T}

q Ry 2% Yoz SENg &4 d
A4 4Ee) gaoln, ol Al we} 5
shirg eAe HolAe, ol Axa ol
e sl eEst Zrbeln, webd gt
Hhg £E7h webA 7] Wil

l

2.2 94 £4(Combustion Loss)

A #R AaHA ge UlA a2
4% wAUgel et dartad E4%E

(CYS BlFE(1)E ASAAM SRH= &
)

32 A &1 A 7 7k B 8] 3 A 7
FAA ALY 0] AR AT

ALEEL AVHI Aol 2fEe
21444

I

& AAAA e FEAAD A4 A
=& AA3r] Y Aol st Eojof i)
g2y d2wde Hermsen’o] mdlo] Alg
ot AdAREE olEHo R Artd Jtagx
o AA haesel oz el 4 Yonz
g ol ¥k Aoz RdY F Uth
Iy [ TJdm,1"
TeET ] Z[ T.JM, “
:[1* ?‘yAH,]U':’
C,T.

AYNA, T M., = A4 Jl2exst Bz,

T. M o849 FlagEd BAw, Fe
QaHA ge F59 FA BE, b 234
F5Y A B8, AmE B % 359 o

Uz, C,= Aduidelth

Qi BEE ALYATE Aadue) HPE
Al ZH(residence time)el] )&t 3F4=<ld] residence
time, 7 (msec)] Helt= obe) A3 2ok

= (5 | w7 g

14, Vg A24W 253 3 (in)) o] o
A Fol A= residence timeo] W& AL E
&2 ol 2o APAA & AFsA.
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r < 10msecd ufj:
10 <7 < 15msecd W:

7¢5=0.99
705=0.95

2.3 0|2 oA =4 (Two-Dimensional Two-
Phase Loss)

A0 daTtit =3 Fel &R
W, =2 8 F9e daslat w2 279
Q2] JYgo w2EH WP F4Eg of
Fol waEEe mUY &4do wAHEY o
g a9 fEEA mE Fuedoy doh
w3 pARAAL A2 @ FAAY 24
A4 An fsl dasl JlgHA 2aw,
=2 5 WAUD W 2YHE LE Ao
olgty] $&UA v TAGHE =& Wo =z
2Eee, ol 714 Y7 Aol A
jeBetd WHe Uz st olux &4
of WAL olF ol4fES ol Bt

AN FEEAT o) FEEUE FEHY
Hol wAHER olAed ol4 #F&M(TD:

Two-Phase Loss)Z 4 174
Axe) A IAs
S84 40 oA og
Bs FAAS fEe o3 oo
Hzsh dAel SERAL FA A4
(FCT:Fully Coupled Transomc)il} 7}2= 9}
7b 2857 AFee AE55 FHo A
29 (linear perturbation)& ©| 83 &4 4
(ATA:Approximate Transonic Analysisjo] A}
&51, 255 99404 A¥PPL 5
H(MOC)o] AMg-Ht

TD2PEAE JA 2719 FeFo] Aujstmza
Q2 Zle] dAESe] w9 Fastth ol4f
5 &40 £A4 84 el AgHE YA

BsAR bE & gASNE Y P

Two-Dimensional
sS4 Eeh TDP 4%

:ll 1. = (o2 =
3 A

1

rE oft 0 o Hu
F_l);‘_.n‘EFlF

_T'_/k
1w

O

BE 4%

2e 4gAoer Hdstd AgHed, gutd

o2 neEHE BIUA Bde g 2o
Dy3=3.6304D (1 — e " "™%e Py (6)

o714, D2 AFHF AZA(m), D =25

HA(n), &8 ALOs 7%
TD2PE & e Ho& vhs 2o

(g-mole/100gm).
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£330

&17]/K~}, [Sﬁlz(,liwl‘:_‘: 7]’_)_\.9}— %}X]—
IO BRNES
Mo <@ MFS etk TD2P
F3 ol Sitel oA pEEan dpmhs
Foz vpehyol g3t gol verd % ok,
®

olx, I, & TD2P

D1oep= 2P X N1

B Ao ol REEEE AFEARE V)
vro g FAE oty A& ALgste] Al dEt
i ~Cs
1___%‘5r£ﬂ_f ©)
1002 B ® p¢
o714, &= SF5YRe EE 8§ (moles/100gm),
e =& HAY, De =EFE A H(in)o]u}h
Table 12 zt A& Uetld, B ALO;YA

27, Dy(um)s oke) 2lo] s A

D,=0.454P €[ 1= exp( = 0.00L)] 0
x(1+0.045D,)
o714, L*: ZEre] 54 Zol(in)
Table 1. Coefficients of "C" used in two phase loss
mechanism
Dyin)| Dy(pm)| C | G+ G | G
£2009] <1 - 90 | 05 1.0 | 10
1-2 - 9.0 051 1.0 | 08
<4 13.4 0.8
>2 4-8 102 | 05 | 08 | 04
>8 7.58 0.33
£<0.09| <1 - 300 | 1.0 | 1.0 | 1.0
12 - 300 | 1.0 | 1.0 | 0.8
<4 44.6 0.8
>2 4-8 340 | 1.0 | 0.8 | 04
>8 25.2 0.33
O] ‘}‘?':]. EE*E‘ Q'}\\l'i'g‘( 777'[))'\9: —‘T-‘éo 7] 6‘]'5‘]'
X g4 st wEAA WA Lle da
Ztze) muly S48 ojgFow thgy ol
rHA
+a,
1+ cos a,z a. J
M0~ 2 (11)
0217]/‘.]/ a;g’]' aeE *Lr*ZE: ’ET‘“’}' ‘?"L 01])\—1"1 —‘I‘7’5
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B 2tolth.
Bayern-Chemie(Germany)oll 4 A Al E o] 4}
fFeag 2de g 2k

mp=1—kyfral P.D) ~0. (12)

714, B85 ke 017013, fras FRAAW S

Feuly A% B&e U e F4ES
= oe 2ok

pm—1— (0.348¢ ~*'Pk e ~07 (13)

+0.00276k, ™)
A71M, ke =F Zdo] BE&ZA 15° conical
%9 do]o i3t contour =& Zole nlE

ebd T

2.4 737 £4(Boundary Layer Loss)
=g YHHAA diartidy gAHo=m Qlshd
dAs = 2y &4d3 dAdgE gk A

E4E JAS £dolet 8td AAZ A& (9m)
KX

A1‘5177111: AFBL/mTDZP (14)
AN, mpppe BFFTFE UEMH, aF, &
AAZY 2UE ez A8 FHE48 g
Wey o}z dog Aid

o},
AF = Qrrow ﬁcosa){

—
—_
—
U1
~

A714, ov =F BF V2, e 2dY T
7, 0= AAZF FAES HEpdh

AAG &4 X4 AddMe FAF =
Y2 A non-calorically perfect gas®] Cebeci %
d3 JdFEdZ A= Cebeci-Smithel  eddy
viscosity 2l o] ALEEH T FAAFNMe dAY
& wauue] exol mebd 2 wa13u)}

1
9}]\

ong GAZY AA FEC A9 =& ¥Ho
<= WEE zE ool gtk B AFAME
o8 n#fdt HHS’Jr ZE“’ W AP AE AFEES

P“ 2
[1+2exp(-c2P° t/D9] (16)

x[1+0.016(e—9)1/100
q7)A, €,=0.00365, €,=0.000937 (Lu} = Z)

C,=0.00506, C,=0.0 (steel =)
ol Zo] HHHEH A4 & BATES ©
el A AHAY el 24T w2
A% 4% 2358 5o Lol
C,= BATES EEleA Ho] dAY A
A Qoiae). ti A2ALE hehaTh
$¥  Bayern-Chemie(Germany)ol A zm2®
BAF A&4S 57 2ok
ns.=1—k(P.D) 3 “file) fo fran (17)
A7IM, B £=00132X4 AAF &4 A
AR ozl ghel™,  Ale) = (ek,) "ol 1L,
£ fra) =1—1.3fr 41T}

ue
@HN

il

L
Kl

o]

7

tjo
offt

el = Rd 2F ¥y =&Y go] AAZ
Edoll FEFE Fadod, da A g
a7%E  Bayern-Chemied] T o] mxles

ol &Erjge] 93 &3= Bayern-Chemied]
A 23 FH A

2.5 Wt <=4 (Nozzle Submergence Loss)

2EYT FIAZF wodo=g diad 7}
27 F83] dAHA 23 A =5 WUy
o2 HAsE &40, Kordig & Fullere)
z’o] o]l gH@th W4 Ag4e TS gk
Pr 0.8 0.4
7151,7,:1—0.000684[ A*E g(!)_z

A7l AT =EYTREY/ =25 1

(18)

2.6 =F% 4w} {4(Nozzle Throat Erosion
Loss)
=55 AR Qlate] =& WAulo] A5l
dad AR AT dFE
1 BEEAE ugT FoE.
Taros = Ly () 1y, (€) (19)
71X, e, eT A7 =2F 279 An 3
AR gt =F PPvolth =EE A}
F At ofefe] HYPH LEE Aulg S

AbgET.
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Z=B.GCplo,= C\P2D;"* (20) ag=(1—7)x100 (21)
A71M, 0,5 =EE AEY Y&, B FEF
i KN 5 2 =
Z Al 4 (effective blowing parameter), G =& Fig 12 2t Refel gt A 744 <5=2d
. - . - ie) & =
Bo) AgEas, C e wEE Stantond=o| ot (SPP, SB:SNIA-BPD, FC.Bayem Chemie)®] o &
A5 Yehdch W3 £ 27)E meh,
RE-2, 239 £A2 Ueyed ol RE
3 M A o8 s o Q47 ASH FUA 4R 3 x29 A
T - Ak Fael st uehe AsEs W3
3.1 A £ B4 AL BAFgoRA 7} AAEY HFE HHF
et g Ao $4agch
AolA AAE 24 wde] F4H BAE 9 b
st Al 7hA Y REHE dAsded, ols 7
2Ere] 540 wet oA visE 671 A% :
&4 QAAE vl F4Y 4 Aok(Table 2). 2L
@9 4L 747 cylinder-radial slot, cylinder- H
4 slot, dendrite®] 3Ao)lr] ad ¢ =¢3R o 5
2 4% &2 Bdg uag 5+ At FAAE :
?’:']_-'?‘U]‘ﬁ_ 19%% E@‘a}j— ’0\1_‘5 3—1:‘_”]' OE)'%E‘U]_E: SPP SNIA-BPD Bayern-Chemie
°l 9E REE vagoss TP Aseds Fig. 1 Comparison of performance loss
Mad &tk EW =E YA 2F 977
YAt (submerged) 21418 (extended), =& B AFelAE A5 residence time HA+S
2377} coned I contourd o 2 FAFE U, Sa) ALESS ARHALY THE TEES
= e 9= AL = N B B - B
= 2o Eg{{r(_blast tube)o] 3= 99 80 9%z d=sd. 1du old wi
A%, =S AN WIS A FEEE = gy a6 va @Ak 32 Beked da
Z9] 3 A5 2 AEF =
ag] 65]}2}4' [q‘% }\cq:oitge 7:.5@' e gl‘:]' _‘é’_%ol 100% = 7]’7(6]8}‘¢1 }\]gilg}' H]Eﬂ?} @54-
Table 2. Specification of test motors B 3o o =9 §ATS & 2= glych
Items Motor-1 Motor-2 | Motor-3
combustor, L/D 4.0 7.5 1.3 31.1 2EM]

. cylinder, | cylinder, . le 32 A 7. Zyc =l L=
grain type radial slotl 4 slotted Dendrite Table 32 A 7}A] o S o E_HL ?-‘4@1
contents(%) e A7t 29 BCE thh w3 v FEHE H
nozzle type cone blast :’;be/ contour ozl oleldl 2ol AAZ &4 tE o

CO = -

nozzle expansion 13.0 53 48 & wmdo oz V" AYE & 5+ o
ratio ' ' ‘ (Fig. 1). 2l(16), 17yl A & = 3o BF &
Submergence, % 6.7 0.0 17.5 &% AAZL 7oz sdt®E wlAlg EL@O]

average pressure| 1100psia 1700psia | 1400psia o o1 - A
burn time(sec) long short short | A, SB REle dgnFe] o £l e
9] Wiel e GTrFS TP Ut B
S ol golE 7 Aeed Al E 4 B8 BE ddHes & AAT &4l
S B8, 58 A% £4% ap02 olge g E9H, A Aze] 7 REHlM dx &7)
o] TAY & FAG % Hsto] & FAZ &4 FFL
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Folzel 45 2SS olsEHo) 2Ast AF 63

AoiE oz A7) Holch
A% £4L FIANE AR FAM eEE

ool @t &dol b A yvehed, o

)

ey
g0l me}l vigol =A F7hkm, of
Bgule) BoR dartart wE
WAL= 7hdro] 72443l E 2wl
Al F7bs 7] WEolth =3 da

2 &ol ¥3E $EAY/ 1A 2w &
A7 =& F7ol HFHAA =T &7 W
ZANROE Faedoel =A vehdth U8
o olf&del 2 vehted, ol e
o FAAe] TgE LTrFol Ay F 45
gFuFel A/ A AR EAFEE Ah
7teek d 9 Rdly BgPP L o)F ) wie
ojgEde] A YebEE ¥ F AUk

oj g BEE ﬂiﬁ; AFEEE AHESh e
FAE Be &4 FEATA, GEuE
Abgoz Qs oA wiFHol O“‘T‘u"ﬁ'g‘ A}
B3 e AeHEY Al 49-:1' Z7] WEel
AA BFYo| FHER, HEH AdAAg
A 2A(F-A7k2)0] %’iﬁ}“’* eFuF AHEE
Az sA
Table 3. Performance loss of Motor—1

N U [
o 2
ot
e
g 2oy

o o

Bl

=

loss(%) SPP SNIA- Bayerr.1-

BPD | Chemie

2-D Flow 1.3612 | 1.3612 | 1.3612
2-Phase Flow 0.8498 | 0.8498 | 0.6924
Boundary layer 0.7718 | 0.7718 | 1.4278
Kinetics 0.1572 | 0.2358 0.0
Erosion 27174 | 2.7174 | 2.7174
Submergence 04718 | 0.4718 | 0.4718
Combustion Efficiency 0.0 0.0 0.0
Total Losses 6.3292 | 64077 | 6.6706

Ideal [(sec) 265.2
| Predicted Iy(sec) | 2484 | 2482 | 2476

§291 FHE/FHEe] FAIZE AdTs

Motor-1 Prediction

SPP(USA)

254 SN SNIA-BPD(Italy)

B2 Bayern-Chemis(Germany)

I

204

Specific Impulse Loss(%)

Y
A,

Divergence  Kinetic  Boundary Subme:

Loss Factor

Fig. 2 Comparison of performance loss of Motor-1

312 ZEMD

EER29] H Y EHo] oF 4.3-47%0 3G
ol &FuEE AMESHA @] WEo] RE-
Bt &£Ho] zow, wEl19 AH$-oe &

Hdo] & BIFHE H4F3ti Jri(Table
3). ol ZAAF &4 BCEHo] FA o
a3 A7) WiEelt. Re-lne g8 =& =
stutol] gt H4Ho] Aoz Fah oy B
27} @A A REIER kE&E 2y}
AA g malg o] A vEhYr] wEo
ot A 2de] slehts &4 M2 t=d,
SBrdo] ¢te HAGAFE HJygoz AA A}
£3}7] wFol] 4 Zel(ZE1-3) E5% BCrde]
A7t 24 &8 Y =277 ge &
A% o Aoz 9 Fove A e
£40le At Wast e

Table 4. Performance loss of Motor-2

b

o SNIA- | Bayern-

loss(%) SPP | "BPD | Chemie

2-D Flow 1.7037 | 1.7037 | 1.7037
2-Phase Flow 0.0 0.0 0.0

Boundary layer 21694 | 21694 | 19874

Kinetics 0.0497 | 0.0497 | 0.0020

Erosion 0.7302 | 0.7302 | 0.7302
Submergence 0.0 0.0 0.0
Combustion Efficiency| 0.0 0.0 0.0

Total Losses 4.653 4.653 44233

Ideal [(sec) 2523
| Predicted J,(sec) | 2406 [ 2406 [ 2412




64 MEA-BEZSR-AEZ =2 F 8ot K|
Mot it | Mot e
i ] S £ ] i
: £ A
: e N
< £ 1.0+ %\
N
0.0 é§
e Comb. Eft. Two Phase Dlvergence Kinetic Boundary S:;:n:r::g::’hoslun Comb Eff. Two Phase
Fig. 3 Comparison of performance loss of Motor-2 Fig.4 Comparison of performance loss of Motor-3
313 2ER3 390 A= e A=
ZER3S 2739%9 v|FE &£4Ho] dFHE e Al ZEFEC HE AT &4 AAES
o), Zek1,2¢] Hldte] FujF o2 ZHri(Tables, g ARAow nun BEH3ded, AFHe
Figd). ol¥ ZAAZ £43% =25 Auld 2% 225 AZo] Holof 99 AF g HA4 =
e20] A Jehdd, Wi =&dd 4§ &4 B} AAA] AHgo] b5 83 RdAE &
o] ZA &7l WEolth XEE-2E EE#o] 3l @& 3= vk
ong xZE oM f&o] W2y, =E59 o]2 sty AA et AlF Al ZFo] 7t
e A7 A5S AHEEA7] Wi 2E & AAE F HFY &4 AFs 78 &4
3o wdle & &ado] wrgHEH Wi =& 22 A Zge ¢4 Fde Axe} vuw §
Abg3 e F ZEl39 i &4l g A% stk nAFA7| B el T
Aolztd] ulsled oz ZA QEH%% v E2g BAASF(g,) FH BAAS(20)E
& 4 gled, ot ZEt HAA =T A& e go] Aolstar.
13& 5 1
LH/\‘:i o_o—i zé}'gi/d E}'"} %:7 O] EHB] O:]i ”F:{l_(A”K[N—f— A7721,+ A’/Bl.‘#‘f\”.s'ljb’) (22)
e ZolE ZA st FAAGFE FUHAIFN7I 100} = 7ce
9% BHo] gulE WYL HAFH 71, = (1= (Apent gt Bapt S (23)
Table 5. Performance loss of Motor-3 + Agsust A 7Eros) 100} 7 e
9) Ao AME HAAFE AR HFEY
loss(%) spp SNIA- | Bayern- 0 = He 4o A5l
BPD Chemie J’} Ta'\: RS o= 7:" i \_qﬂ
2-D Flow 1.7037 | 1.7037 | 0.7879 Frw=7np* Cr- P+ A, (24)
2-Phase Flow 0.0 0.0 0.0
Boundary layer 1.7482 | 1.7482 | 1.6295 Lpa= 1y, 71, (25)
Kinetics 0.1052 | 01578 | 0.0 AN LSt Fread A ZERIA UEltE H
Erosion 0.1693 | 0.1693 | 0.1693 2y 2o S0 e Ao
Submergence 0.1387 | 0.1387 | 0.1387 Fsh Folw, G olEHY F9 Afeld
Combustion Efficiency 0.0 0.0 0.0
Total Losses 3.8650 | 3.9176 | 2.7253 321 %2 HEHAST
Ideal I,,(sec) 245.4 Fig. 5% #38 RAASd dg A@dne
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